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i'iis'iyecessai^' to accurately ! moriitor! wrietl^en the elongation 
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turbine or steam turbine 
to temperatiire change, it 
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' 'withlk !a predetermined 'raiige(or not>!SO that no mutual contact 
'aimbvlng .blade'.and a stationary blade may be caused. One 
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li^B ' a gap sensor to 
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detect {a gap caused by: the axial elbngation, jas shown in Fig 
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!ln Fig. 7, numeral 1 1. designates a 
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rotary shaf tj and this 



rotiary! ghaft i; is! provided' with a .target face 2 for measuring 
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the target face 2 and the sensor 4. an*r< by the Chang of this 
gap; 8',' 'the alxiai elongation ' of th rotary jsh'aft 1 is measured. 
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I i ; : i In the prior , art aacial elongation 
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mehtloriedt above', the elongation ofj; the 



measuring device as 
rotary shaft , 1 is 



4 1 relative ; to the 
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: directly ; measured hy :the \ gap sensor , 

■ ■•! !i| ! I ; I ■ i;: 1 '■■ ^ I I " ■ .' I 

I ; stationary i part 6. ; Thereforei, In case the axial elongation of 

: i I . -,1 : ■ :i ' '■■ . i ^ .1 i • : 

the 'rotary Ishaft 1 lis lax'ge', it is necessary , to measure the 

'""^ ' e gap B the gap 
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I 



.gap 8 1 over 'a. wide range /-bttt J:©^mea3u^j2r.' 
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I 4 I civ^r ' I : the ' wide j range' • often j3^esults in '-j^e^less . 



accxiracy. 



■as I the gap! sensor 4 
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is provided in the \ axial 



space around ; thej rotary j shaft 



i 



l| where thej gap 8 to, 



I 'j directional 

L |l>e' 'ma^'ured exl'stsj ascertain space 'Is required in the axial 
: j.airect'i'on 'of • the rotary shaft 1 for : installing th© gap sensor 
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SIM4ARY OF THE INVENTION 



: ' I In view of the ^mentioned problems 
rotary! shaft , axial elongation measuring 



in the prior art 
device, it ;is an 
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i ' k rotary siiaft axial elongation | measuring method for measuring 

•' ' ! i I ■ I i ■ ! ■ ' ■ M 1 ■■ ' I I ■ i ■! ' : ■ 
'axiall elongation ; of i a ; rotary | . shaft >- oharaator^gcd - in 

! ' M ' i« '• I • I ' '' ■ 1 i . '1 . • ' ' i ■ ' ' . i . 

f ill: ' • 1 ' i i ' ' i ■ I I ' . ! I ' 

eomprls iny "' ^Ll i i! : jtopo '- ofp ' prbvidin'g a 'reference mark jand a 

i !,i i I : I ■ ! ' i ! ' i ! ■ • ' ■ 

j i measuring mark on. a rotational: surface of j the rotary shaft, 

' the 'mea'suriiig mark b t !.liig ar c on gea^ |incllneyyi relative to an 

i : I il l i' ' ■ !■ •! : ' i i ' i i ' !• i ■' ' ■ ; 1 
' '^aiciai I 1 direction! of the' Irbtary shaft/^ - gLrranging sensor ir. 

i'"'; .-I ;! p ' ■ ' : ■ ,; ■ : ! !. i ,' i I " i ; i — = 

i fijced^j so las: to oppose i the! rO|tational 'surface of the rotary 



shaft:! the 'sensor generating pulses! uponjpaasing of the. marks 
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: Xullowriiy a .3 



^' ; il-i: '■ilil ■ i I ■ 

1 I axial: elongation of 

Ml' i ' 



rotation of \ the rotary shaf t/i end. ntezis^i-ng^the 
the : rotary shaf^'from |a change in an 



] . 



: Jihteirvallof the- pulses generated byj the sensor upon passing of. 

■'^ i i I !' M , ; ! ' I ' ' J ' ' • i ' ! ; ' ' \ ! ' . I I : 
': ■ 1 : itble re'feirerice mark and measuring mark.: | ; 

^ ' ' ' ji * i According to' the -axial 'elongatioii measuring method of 

.:• : = ! i .! I ! t . ' i . . : III. h' .1 " . . 



15 ■ ktie j present! ! invention; j as ! tlie measuri'ng mark is . provided - 



■i- 



! ! \ 



I I 



i ' ixicilrieda^ I i-elative ; ito j the ' axial i direction of the .rotary 

i'ri.'hiii li^. i i i jiii ■-■ I.: I ■ .M •! ^ ; ; 

^ 'shaft J . !the' •circuiiiferentlal' j direct io'nil ! position I of the , 

i ; 1 : . ! I I • ■ ■ •. . I I . ; . . ; ■ . ■ i . I ■ ■ I i : ■ I 



" : I !■ I measuring mark line relAt'ive to the ; position ^ of the ! reference 

■■'■'!"■;■ i i M 1 1 i i. I . . '• i! i i!';! ^ i • ' ' ' ' 

i! ,'! mark i i changes 'according' ! to , tiie axial' 
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whenj 



ii i i I I 
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! ■ 20 1 ' ! ' thereof J ! On= the- iother! ;hand, the sensor 

! ■ ]. • . : . ! ■ . !. • ! I i I- ; I I 



I 



direbtional . position 



generates 



pulses 



the reference itiark arid the measuring mark pass by the 
i ' sensor; following the ■ rotation ' of the' rotary, ; shaft^ and hence/ 
■ i i£ the axial directional position of. the 



'I 



I, 



i! . •■■ 26 



•the :sensor changes due ' to i the 



i: 
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i ' shaft 



i ! ' : 
. I I I : 



i ; ' t ; 



I : 



rotary shaft opposing 



axial eldngation of the rotary 



. then the interval of the pulses generated by the sensor 
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differs;.! ' i Consequently) ! byj in asurlhg 



the change ' in the 



' Ijnterval' of] the puis s ! generatied by the sensor, 
' ' elongation Of the rotary; shaft can be measured. 



the axial 



i' ' :• 



' in t!he ■ ^montionod -axial elongation ; measuring method of 



1 



I 



I 



i'the present (invention, the j steps are simplified such that the 

I ! ; .'^ ■ I i ! i ! '.i f' I . : :! I I 

I I refereric^e tnark','; and the. measuring j mark L a jrr ^ h g pd^ inclined^ 

: ; relative to' ithe axial dlrebtion of. the jrotaxy shaft, are 

!:.,;::,: i . i • i ' 
I ! ! 'in; I I 

I ' provided Ion 



rotary shaft, the 



the rbtatlonal| i surface j of the 
I racial I elongation of which is ; to | be measured «ie Censor is 

i I- ' : . j : ' I j I ' ' j ; ■ : ' I ' : i ' I ! I I ' ^ ■ ' ! j | ' ' ■ 

i ; .^aixaH^ed^'lx^ so >s to oppose the . rotatiopal surface of the 
I |';;iotaiy; | shaft .'for 'generating" pulses i upon^ .passing -fey-'of the_ 
I' -iaiitionU^ jrotatidn | j^f | tlie rotary shaft.: 

the !gat» 'between 'the' Lensor and ihej rotational surface, 
rotary . shaft bjppos'ing the j ■ sensor does not change 



i ;Hent^y! 

i : substantial'li^^ the i axiai' jelongat lion of 

!, i; ■ I , I I I j 1 ; I ' . ■ j ^ ' \ '[ i ' . 

' lithe 'accuracy of measuring ' the ;axlai; ' elongation ^ the sensor 



' is i in I hor-^S^' ^reduced I by! ' the'^^-^iee^of ; the- axial elongation , 
I 'Also; according to ' the | method of the present i invention/ there 
lis! liol need' to ;iP5tall j ^ u el v- a 'sensor and a target facej as in 

! tAe prior art case, in |the kscial directional | space around the 

I f . . j . I ' * ' I i ' ' ' ' j ! ' ' ' ' i « ' 

i'rotaiTisWaft a^^ ttius'^^lt^ /^curs V'no case\ where ^h^easuriRg^^^- 

i bec6m4^ ' linpossible due! 'to \/ |limltation^ in the axial 

' directional space of; the rotary shaft, i _ ; 

I ■ i I M . ■ • ! . M • ■ : ! ' * . i t 



I- .! 
tha rot 



shaft) and 
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IriyentijJbn provides a rotary, ; shaft axiail elong(at±on measuring 



. device 

I I: 




r • I 

, j ' 
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for; ineaauring .axial, elongation of a rotary shaft 

! ' I i I ' ' ' ^ \ I'll',! I ' I ' I I ' , I 

' I • ' 1 ' ! I , 1 I * I ' " I i ' ; 

cemp3ri:s±ng<^ ; a reference' mark :and a measuring 

! mairii^dvid^d* bii a/roliatibnal s\irfac'e''Of '"th^ rotary shafts the 

' !■ ' ! A' M ' * I -: ! ! ■ : ■ ' . f ' ' . I '/i I ' 1 ; J \\ I ' ' ; 

' ine'dsujcing j jnark - baiiig hrgonge d- inclinedft^! Relative to an ; axial 

; direction of th^ rotairy shaftA a serisior -^a^^Eanged fixe<^JJif jSO as 

j. to I opp'o'se i tlie: . rotational 1 surface of • thb j rotary shaft , the 



I t> 
! r 



sensor 

i' 



genefatlhg pulses upoii^'assing of ; the marks -^eilov^ing-a^ ^^^^ 

I ! • 1 1 I ' ■ • ' ' i ! j . ' ' ! ' ' I ! ' ■ - ! : ■ i ' I * 
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' rotation 'ofj the rotary |shaf t/.-^nd^ data processing part 

' *, ■■; :i I' Tii:-|| i i i i 

the ' axial elongation of Tthe i irqtary shaft from a 



measurift 



chang^i iin Lan- interval 6f! the pulses generated by the sensor 
|upbn ^ssin^ of the reference mark and measuring mark . 



I 



1^1 1 1 



! I. I- 



I ■ ; : i ; ; I According to the rbtaiy. shaft 



'■Mil 
! f ' I ■ 



;15 



axiaii elongation measuring 

i . ;l i j 

device' !of't!he 'preseni: liivenliioii; -atiete i a; lieyice is provided -as- 
'is 'able toi measure the ;axlal elongatlori of the rotaxy| shaft 
:base<a on, the axial ^ elongation measuring' method of the present 



■ I : 

, I 



i 

I I I 



I ■ 



i 1 iiivehtlon : as mentioned ahove. 

I i . I ; i 
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! In the axial elongation measuring Idev^ce of - the present 
Ihveintion. | .as— thercei^-feewtioB^^ the. axial 



. ; 'elongation j data is ' obtainled. by.'^■«4e-^Sensor j ^ecrang o d - fiatodly oo 

I '!'.♦'_■ j» • , . , I ' .11'' I . ' I ! 



1 'oppo'slftfthe :rotatJ^onai surface of 1 1:hb li'otary - shaft , the 

^ : , I I I I ' ■ ' ' ' ' ' I . . : . . 

' I ' gap i between I the sensorj and ithei rotktipMl j surface is constantj 



i ! 



! ( 
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! ! I 
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ij 1 !-i;25 



'il 



MM 



ial i elongation of the rotary 



I 'regardless! of -fiises— <^,the ^ ^ _ _ 

i!i ;*^hiiftlii4i^^^ of Tthe: I axiil; elin^ation with ^ high 



. { '.abcuiracy can be perf orrnedL' l 



.1 ■' : I 



: 1' I 



1:1 
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iij'iillso, I in '.the. axial; elongation device of the 



i f 



i present 



, : . . ' I i • I . I :■ ■ • ' I ; ' : 
invention,: as the, sensor ;may jbe- arranged with a 



' '^eterinined 

I ; 1 1 ! I i : 



.gap ; being ■ maiJitained: betw^een Itself and the 



1 ■ ' 



I 



:TOtatioWai:surface of tbej rotar:^ shaft, ^ orily a -narrow space is 
I'reiijii^d ^for ; measiiring j .the | axial elongation!, regardless of 



elongation;, regardless of 



^SdSe^ 'Of axial ] elongat 1 oh' . . . 

'li:!! '! i I ■ • •• : I ! 1 'I ■ |. ■ ..^ • 

I: III jiihe' ireference marifc: and the measuring mark provided on 



:1 . I 



shaft: in the ; axial 
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the = rotational ' surface | of ; the roitary \ 

eiongdUon measuring device I of i the! ^ invention may be 

two mar ;proyided such thiait an interval 



•I . I 

i ; ! 



between them in the 



'ciriWif erential ; diirectloil ';of| thei; roW,: shaft: differs 

jMiii.'i; i : . I ■ ■ •! i ! : ■ ■: I ;; ; ■ ' 

accbrding to ithe | axial i directional; i position of the rotary 
stkft ii iThbse two marks ;may Ibe two grooves or two wire members 



i! 



; i 1 
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ibothjprbvided in a'tuimed V| shape, j \ 
- 'Also; 'the measiiring mark used in 



the axial elongation 



: measuring device of the; presentj invention may |be a grbove or a 



: 'wife'im^ber both ^jrovlded! in a spiral sh'ape on the rotational 

i = ; • ! ' • : i"M I'll t ■ !:' = ! ' ; ; 

. ' iisufface of Ithe rotary .shaft '.I ; j ; • 



: 1 



i I 



' ' As ■ mentioned * above," ' the axial : 
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i device | lof 

^i' ' ' ! I ; ! ' I 



■ ' ( ' ■ I 
the I present 



i construction that, is = made 



1 . 1 



! I '1 
elongation measuring 



•invention ! m^y j be ' of ; a .1 simple 



M|. I . I 1-^ , , . 
easily and^ess costly. i 

■MM.i* I ■ i ! i!' 4' :\ \ ^ ! < 

' 1 1 i Tlie 'sensor used in |the axial i elongation measuring method 



kid; device' 'of. the: present! j Inyentioh ' nia^ jbe| an ordinary gap 



26 



seiiioirl i such I as a capacitance 

■.il:;li|i;!J i::-,' - I- J i 

gap; sensor. 



typej g^p j sensor or eddy current 



. • I 



^ j ' ! I I i 



dr: may be ;a: : photoelectric sensor ■ that generates a 
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Upon, pas Sing ' 6f a mark provided on tJie rotational 



i ;'5 . 



i I 



According to the present • invention 



as described above. 



even; ill ; the! case vhere the rotary shaft affords no space for 



iMil! 



measTirlng , , 

, il \\cL>t, _ 

; measuriag? of , the axial j eloni 



I ■ 1 



device 



1. 1' 



I ' j I 
:of 'the 



I ■ 



i : : i 



I s ' 10 I [ BRIEF 

I !! = ^ I IV:! 



the = i conventionaJL ^ art ±<^ jthereby mak^ the 
£273X1 — JlnpossrSle , tjatf"^ measuring 

,1 \'^\ ^ • ! 



that can be . Easily , installed 
axial elongation jls : provided. 



for enal^Jllng the measuring- ^^^^ 



I 



DESCRIPTION OF TH^ ;DRAWINGS 

'ijigs.! l{a) and jl(b) I 3liow;a rotary j ishaftj used in a,' first 
enibodJnfeiit according i to i the present . invention , wherein Fig. 
1(a)' lis! a Iskde iview and.!Fi'gi!.l(b) Is'a fr(:>nt view. ; | ;/ 



I i'iFigsJ ,2 (a) and 2(b) ;are! explanatdry views showing "fehe-^ 

:;i 1 1 : • I • ■ * : : I ; I ' I M i - ■■ ! | -j ■ , . 

upon rotatibn of, the 



I I 



15 I i 'state [where pulses generated by a sensor 



ere 



I I 



rotary jshaft of Figs', 1(a) "and l(b'). . change from Fig. 2(a) to 
: i rig.! !2(b)^^^r«ft axial elongation. : ; , ' i : 



! / 
I ' 

! ! 



20 



' ' : P j ! ; Fig. 3 is a; block diagram showing an i entire construction 

of, 'an axial ' elongation . measuring device' of the first 

•'^:\\'-\\ I ■ [ ' i'ii i i; ' 'il ; i 

-embodiment I according to :the jpresent invention. 

;i = : ^ ' - ' | I. 'I I i 

>\ 'S:Fig. 4 -is an explanatory |view; showing the relation 
• :between accuracy- of ^%iier: axial elongation imeasuriftg^'fey the 
present .invention: and tliatTay the priori art, •« 
■ ' • i ' ' 5 * is a Side View showing a rotary shaft used in a 



1: ! 



;Flg. 



! ■ I 



25 h'l' secohifll embodlinent! according !, to i the [present finyention. 



1 ' !''' 

'■ill- 



1 -i 



I f ■ 1 i 



I ' 



I J : 

I ! ' 



I - I ! • 

, I I .1 



,1 



! 7 



I : ' ; : • I : 

■ ■ i i I : i 

'! ; i I I I i • 

•:l ! i li| 



r ! ! 
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lilMi: 



/;:Fig. 6 is an. explanatory view showing changes caused by 
axial I elongation ; in ;; pulses generated iby; a sensor, upon 

5- 



; rotation of j the; rotary shaft ^ of Fig, 



! 'Ji Fig*" 7 .is I a side view showing 



a construction a :prior 

I t i ! ' * 



ai'ti ;a!klal' elongation • measuring device . 



r DESCRIPTION 



• 1 . 

■ i ! 



;ilo: 



;, 'device 

ir.;i:;r 

: ' :based 

I : 1 1 hi'! 
■ ■ .If 



i ! i ■ ' I ' i I i ' I • i I . • I 

lerebelow, a; rotary | • shaft axial 



i I ■;. ■■ ; ' ! i ■•■I I I • . 

OF THE .PREFERRED |EM80DIMENTS 



I j 



I !i 



t ■ 1 
' 1 



'of ' the ; present invention will be 



. (I I • I 



oh -embodiments as ! illustrated j 



I u 1 



;( First Emibo'diment) 



i !' I , 1 



elongation measuring . 

> i I ' • 

! ; ' ' 

concretely- described 



15 



i ; |i M !l A first J embodiment I according; to the present invention. 

!■'!•■ M::!Mi 1= h : ' •; I: hi ''\ j!= ■ ■M ; • ' , 

I : :wili! be described with I reference to' Figs J 1 to 4. In; Figs, 
1 1 ( a ) : i and 1 1' ( b) , ; numerals j 10. and 12 ' respectively^ designate 

Ilii ■■' . mI.M''! i:- ii i i ■ 

i I groovesV. .'that are i provided in , a i rotational . outer 

Li i ' i ! I ' I • • ; ■ : . i f • .II', 

I : circumferential surface ;0£i3p rotary shaft; 1 iso as to oppose 

one ainother Incline^Jly ^-n^i a .^^^^d y shape: Thus, tpe grooves 



107 tl2i, opposing, one another,! extend y inclinealy ^ an axial 
direction; of the rotary, shaft; l^.an^ anj Inteirval between the 



20 



igrodves loT ^2 changes' laccor'ding 



Hi 



: ■ I 



;to the axial directional 

i' 



position thereof y^--se--fchat-^-a-kr0f^^ that one 

of; ' !the ' grooves '10, . 12: ' constitutes . , a ' reference ' mark as 

' ' ■ J , I I I I ! I • , ' ; ' ' I ' I ' ' I I ■ ■' ■ ■ ' ' 



I 



! • ;i/25 



III, , . . , 

' ! ' hereinafter ; referred to : and the other 

\[\\ [ I '•■■:! ' ' !• = :■ I . 
I ' i mark I as hereinafter referred ,to. 

' ^"M i ' I ' I li I Mill ' 



I'er ci; 



I 



nstitutes a measuring 



J ! 

i'i 



\\\ il 



Y i . 



fii; 



1 I 



!Numerai;.'14 ! designates 'a| sensor/f tiiat is arrariged' so as. 



i il':' , : I 

: . 1,1 i i 



I I 



I I 



' I < i 



r 

I i 



i. 1 i ! i : 



' i ' 
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I 



.to; oppose' .the rotational outex circumferential surface of the 

a ; sensor, such as a 



J , 



i; rotary I shaft ' 1.; This sensor 14 may be. 

I capacitance I type gap sensor, eddy I current ! gap sensor or 

' ' I •'■ ! I i ! ' I 1 : ' ' ' . i i ( 'I . i • '■ i ■ : 

photoelectric sensor/ that . generates:! a plilse or pulse signal 

: according ; to' a change I in ' a Icapacitance,: eddy current or 

;• reflection of.. light following a change in ■ a gap between the 



•I ; ■ ' ! 

; sensor 

! I i j I 



10: 



I : ■ 

'!i4l by 



14 and the rotational' outer .'circumferential surface of 



the; rotary shaft 1 whenj tlie* grooves! 10^. 12 J pass by the sensor 



the rotation, of the rotary shaft 1. 

in ! the • . measuring ; \ device of Figs . 1(a) and 1(b) 



: I ! 



constructed as above, [if .the i rotary shaft 1 rotates, the 

I • I • : i I j I : L / , ' : h ' ; ■ i I I i ' . ' ■ 

.\' ! ' . ' ! I ; ' ' - i ' I ' • : \ I • I ! ,1 ! 

I grooves' IOj 12 pass byj the I sensor 1 14^Haji^ ; the sensor 14 puts 



jout ' iclulses^i as shown' ±ri 'Figs, ^ (a) j ana 2(b ) , icorrespondin^ to a 



ii5 



1 : i.' 



: I . ' . 

t , . t. 



: itiine'llii .tiiSi^\^is a' 'time frorrTlp^^ by 
' groove ! 10 -feo -tfefe- 



' ■ ; ' i ' 1 j ■ I 1 ( 1 ! ' ! . ■ ' ■ 
; . j of I on© 1 rotation of 



I . 



the sensor X4 



the 



Of the! groove 

i 1* ; !-i i" ■ \ .A 
the rotary shaft I 1. . : 



I 



I 



I 



r 



I I j. ■ , . - . I , As the position of the sensor ;14 is fixed, if. the rotary 

i.'i i: ; 1 ' . ! J 
; shaft 



'20 



i! 



...... i 'T! i ' ^ 

jl; Elongates In' | the axial; Idirebt ion' and the; axial 



I 



directional position; of: the grooves 10 ^[12 changes,: then the 



f L ' ! i ' 



cirdumferehtial directioriai; interval .between: the grooves 10/ 
; ,12' at: I the ) position of i the (sensor ! 14 changes . Hence, the 



axialj elongation of ! the rotary, shaft 1, 



.•1.1 



25 



i ;,by. i the sensor '14' change ' as. shown 

:\.'\\ il : ! I ^i'^ i i Mi"' !■ • 

.piiises! change ; from those ' having 

. ,i; ;l ji : M ji' :■ 'i i ' - ' . i . 



the 1 pulses generated 

I ; 

' ' I 

in Fig! 2'(b) , so that the 

a, pulse interval ratio of 



tl/t2 iln -Eig: .;2(a)' to those having ;a; different pulse interval 



Ii - I; 



I 



I i ! 



, i f , 
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! i ■ 1 
i i I 

i , 



1 ratio' Of tl2/t22 in Fig. 2{ta) '. 

I . ! 



jThus , 



ratio; Itl/t2 



'the 'rytaryis 



by measuring :the change in 
ohtain&d by ,the sensor 14., tli^ 



I i 



the • pulse linterval 

i • ! ' 

axial elongation of 



shaft 1 .can be | measured - 



i 



I * ' • ; ' . • ' j ■ • ■ > I ' ! 

Fig. 3 is a block diagram ! showing an entire construction 

! i I ' i : ' I i : . ' I . ! = • . ■ • i ! ' ■ 



t 



mi 

:i :*■!.! ' 
; ■ i I I. I • ■ 

i'lli'io: 



6f i the I i axial elongation .measuring 'device^ !4»di^?eift the .pulse 



I 



int^x^ai raltio Of the , pulses ! detected by: the sensor 14 is sent 



to I a idata' processing part IS : and .the ; axial elongation obtained 

! I i . 1 • I t . . i : I I I I I ' ■ I . : 



' at i the 

181! i! 

I'll 



I 



! ; 



data' processing part 16 lis displayed at a display part 



i j |The ; grooves 10 J 12 of; the 



rotary shaf.t 1 may be I provided 



, ilni ItiKe outfer ^circimferehtlal surface of thai rotary, shaft 1 

: iwithin! thd .' range ' of ! 1/2 : or less of i the entire outer 

hi-ij-iii \i i .'i:: -M'h iM.;i-l li' ■ i! M ■ : , 

: icircuhif ererice . as shown , 1 if the ratio 



15 i \'hl/t2 



! I 



•i II 



! I 



is. more' than O.s; ;(tl/t2>0.5)i/ the 



I 



' the .ratio 

I I I 



aiiai elongation and 
tl/t2 can be: decided correspondingly as (l-tl/t2) 
• ' arid /thereby /the data jprbces Wing ca n) be simplified. 



the' mealris 'to measure 



1 



of: the 



marks : provided in ; the rotational 



! .1 I 



■ I I 



20 i !: surface * of the. rotary shaft 



'I ' ! 



the .interval changes ' 

i I ■ ' 

outer circumferential 



1 by 'the jsensor 14; arranged 



! ! 



* oppositely! to this rotational ! surf ace ' as idescribed above, >^ 



'' i i !' i I : . ■ ■ ' I . : i ; I ■ i i = ! ' " I ' ' i ' 

I .I'th'e gap between the. sensor; 14 and . the; 



rcltational surface, as 

1 1 ■ J 



f i 



'the^b'jict to W measured, is constant regardless of the axial 



I I 



. ' i 

25* 



; '^io^igation', ^the": measiiring ' biccuracy 



1 • ' . 



.constant . 



I 

This lis 'shown jby \ FigL , 4. 



,ii i j 



I ! M 



I 



I*' i 



: i ; . • I 
. I 



can ' be main t aine d 
wherein O shows the 



1 



■\ '1 
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I ■ 



; accuracy! of the present Invention and 



(D skov 



ows the state where 



I I 
L 



I • the, measiiring accuracy becomes lower as! the gap between the 



■'I 

■ i 



f 



sensor; iaxjd! the object ±o :be- measured; becomes^ larger by^ the 



dxlali elongation as, 



the ;case shown, in FigL 7,. 



!■:;•.. ;]; I ! I i '! I . ! 
! (Second Embodiment) 



I ! . i ; 



i i ii ! ;j 



■ I : ; -! 



i wiii: ^be 

! ; i I 



I ; ' ! !! ! I ' ; 11 i 

second ! embodiment i according 

I ! i : I !■ 



described with reference' to Figs. 
: humeral ; 20 1 designates a ^spiral groovjey Ithat lis provided in the 



to ithe! present invention 



5 I and 6, In Fig. 5,, i 



V : ! I i 



:■■![•!!! I ' . • j • ' I i ; I ' • • i- ' ■ ■ I j I • i ' 

irotatiibnal outer circumferential surf ace : of | the rotary shaft 1 



I 



■ ; r ! ; : I I I ; ■ ' — . , . 
ilO j I Over ' I the: axial i elongation J measuring range as shown -^fehei;©. 



:ace :of r 



1 1 



! i' 



15 

I : 



r\l'\^ r:.\ ii riM !:■ 

I Numeral! 22 Ide'signates a groove/ that constitutes a reference 
mark i and isl provided/ extendingi in the axial direction^ in the 

;mi 1 . ■ i . ■ ^ ! I'll ; I ! ^ '> - 

rotational buter circumferential surface of the rotary shaft 
•IJ ' a' isehsidr 14-1 is: arranged so aS' • to ' oppose the rotational 

i' ! ■:■ , I; I,:! I :i! . ■ ' ■ 

I'surface of .the rotary shaft 1 at the position where the spiral 



i! ! M 



groove '26- is ; provided knd, another sensor i4-2 is arranged so 



M.I ! 



I , 



I • !* 

i [ • 
f I ■ ! 



I I 



as I to 



oppose the rotational surface- of the rotary shaft 1 at 



! ■ ! 



■ ' the ;positibn ' where the; grdove 22.! as thel reference mark, is 

.•!. irn-i • I i; = . . 1 I , ! i J I ^ 1 i I : > 



■| 1 . • > ■ : 

:; ji!! :20 



j liprovided. 



I 



I I : 



I : ■ 

! i f 

I [ 

• 1 



1 



in 'the measuring device) of Fig.' 

■ ' ' • ' ' ; I ' 



I j jthe' jrotairyj shaft 1 rotates | and the, grooves' 20j 22 pass by the 



. ■ . M. M ' i ' 
i I . ' ; I f 1 [ ! 

: f sensors 

] I 



14-15 14-2; respectively, then thel sensors 14-1/ 14-2y 



5 described above, if 



I I' 



; i : 



■I! ll 

■Mill 



26 



.. : '-beap e ct d - vel y^ puti oiit .piiise's . Fig'.: 6 shows 
■M pulses; generated^ -irtiesEe-ift (3) shows the pulses 

: '[v sensor 14-2 ; corresponding i to 

^V.l!|;||.l h. il;> 'i; h':il 



!i i' 



i ! 



- i 



■! i i ! I 



i: 



I!' 
i i 



the state of the 
generated | by the 



the [rotational! movement of the 



11 



] I' 
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! i . ■ ! 



groove i22 as the referencia imark jof the rotarY shaft l-^wirtiine 



'Si 



1 :l 



tS'JlSjSf; time; of one rotation of the rotary shaft 1.' On the 



othej^ i hand. 



1 1 : ! 

'I i 



sensor 



14-1 



I • ! 



; rotary I shaft 1 



®. of I Fig. ! 6 I shows the: pulses generated by the 
when thei splrali groove 20 passes by the sensor 14- 



!. i 



of , .the : pulses : Is generated' 

• i, !:!. i;. 



; 1 1 1 j I As ' the :splral ; garoove ! 2p^;r--^>©-±fl5^ arranged in ;a spiral 



per rotation of the 

' :i . ' . i : ! 



■I ;i 



I : formj ; chahges its positibn -to- pass by 



.10 



.cbrrespbn 



Q^g^^^B^tiie 'as^iai 'elongation of 



the sensor' 14-1]^ 



the rotary ' shaft 1^ 



I'll 



i: : i; 
1 • 1 \-' 



: _yjf^;t4j of Fig:, S- ^at . is la time difference; between the pulses 
i l® .^^^^ corres|).onding ^6 . thL axial elongation- 

' [Consequently, [by measuring , the | chanige in the ratio t4/t3, the 



! ' i ' '! : : i 

I , laxlal! 



elongation of the! rotary! shaft I'can be obtained-, SLik e..f;t<t 



. I • : I ] i ' . I • ' ' ! ' ' 1 I • I ' I ; ■ ! I 
In :.th© -case of : the first etmbodlinent : 

" I ' ' I : 



15 



III 
; I ! 



j It is to be. noted; that, vThile, the 



; i . ! ' 



I I 



I been J j fconcretely desciribed' tiased ! on l 



I 



I 



illustrated, the present, invention is not limited ! to these 



present invention has 

i 1^ 

the ' i embodiments as 



I 



;i.i"i:2o: 

'111 I ' t 



but,'; heedless j to mention', 
.modifications ^ iin , the ( : conbrefce f ■ structure 



'.varibus 

■■'liiili ' 



jiconstihiction. thereof ' as 'Come within I'the; scipe! of thej.claims 



i , ' = h 

may, be added \ with 
and 



■ ^"a^ende 

TTil 



1; 1 1 I 'For jexample,' while jin! the above embodiment the grooves 

'■'I'll'' ' ' ' I ' I ' I ! I i ' ' i ^ I i ' ' 

: i' j 'are; I fbrmWd : as the; reference! = marK and Jthe measuring mark 

; hrirliH^i I 'H-'r/ !•: ii-^;! ! • ; ; ' ■ 

I : !: provided : on the rotational; surface' of the rotary shaft 1 a 



I ■ ; i ' ' I I ' j I I J '[■''• I I I • . ' I . 

25 i : ; wire . ! itiember ; ' such' ■ as 



I . 



a' ; Wire 



made, of 



alumi'niM or • stainless 



. 1 
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1 1 



I ! I I 



i:i 



■■!!!■; I 

! I' 



!il 



; ! 



: Abstract , of „t'he Discloslure 

M ' . 1 ' 1 



; ' : I f j 1 1 i ; ;/r Rotary ; = shaft . axiall I elongation ; measuring method and 
enable ^^^^.accurat ft' jTieasuririg^ rotary shaft; axial 



t I ; 1 device 



s bt^^.aia£SS3Aofi ,the: 



-^wo-i .,che: slQngation, 



Grooves 



njeibnigration | regardless 

n|M|!;|| jj \ \\ rr/\ i, . , , 

I : i ( 10 , i jl2 ) , I arranged ^etmy by^ 'opposii^vin ia turned V shape along 



i 110 



I ; 



I'll 



I. 



direction,: are provided In !a rotational surface of 



I ! 



rdtELry Ishaf t (D^laxlal! elongation -isf-TdrttSi Is to be .measured 

! 1 1 I ir; :, I ' iir • ; ■ ; i •i; i ^ > , i . i ; i , 
»■ |i III I ' '/Uli'i, .1 ■■ I ! ■'i.i ■ i tc. 
A sensor. i(14)i Is arranged . opposliiif 



3^ 



the 



rotary 



I 



I M , , , 
passing |o£ 



,j;:;i5 

1 1.;' I I 
.1 1 i '.■ i '- 



I I 



I 

t I 

.■ill 1' 



rotary 



groovt 



■11] 

ovei 



I 



shaft . ( 1 ) \ I Tlie sensor 
the grooves! (10, il2) 



• ! ' J ! I ! 

i 



Shaft ::(!); ; As 



I 



'the! L 



I! ■■ ■■ 
(14) 



otational surface of 

'!: Mi: • 

enervates piilse's upon 



following '.rotation of the 



a Glrcurtiferentlal 

I; 



e ; ( 10 , ; 1 12 ) , j differs according I : to' 



iposl'tipni 'ot lithe' -rbt'ary i isiiaf't I '{l),\''if 

' .i ! 1 r ! I ! I i I ' ■ : •! I i ( i : ; . i h . .• . i i ' • . 



mm 

'■■ii.ll h 'ii. 



ii2); at the! po'dition of ;'the|^eAsbr (14) charige due. 



1.1 • 
:-|Jtoi:th 

I : ■ . I ' ! I 



.'the 



'1 



interval beltween the 



the axial directional 

■I i : 

the positions of the 



axial' 'elongation', /^interval idfithe "pulses generated by 

' ■ ■■ ■ l! ..| ■ h;- 



i 



sensor 



l;;g^nerdtlon 



(14 ) [ changes . | : : .Thus , by: the 



■'iiiii 



I'll 



1 1'i ' 
■ii":, 



1 1 

Hi 



i . ! 



I'iiiji;:! 



I 1 



I 1 



■ ' ' ■;• i .lilj" 
interval, ! the : axial 



!:! 



:! ' .11 



! I 



elongation is measured. 

I .1 ' 



MM - ! : ■! 



I. I 



i ■ I 



I ; 



I I i 



1 1! i- 

1 1 1 



>l i! 



■ I 
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